METHODS. To address a potential role for Mtb-infected RPE cells in the development of uveitis, we delineated the response to Mtb infection in human RPE cells and primary human macrophages, the main target cell of Mtb. Primary human RPE cells, the human RPE cell line ARPE-19, and monocyte-derived proinflammatory M1 and anti-inflammatory M2 macrophages were infected with DsRed-expressing Mtb strain H37Rv. Infection rates and clearance were addressed along with RNA sequencing analysis, a confirmation analysis by dual-color reverse-transcriptase multiplex ligation-dependent probe amplification (dcRT-MLPA) and cytokine secretion.
T uberculosis (TB) is a global health issue with one-fourth of the world population being latently infected. It is the world's leading cause of death from infectious diseases as 1.8 million people died from TB in 2015 alone. 1 TB primarily infects (alveolar) macrophages in the lungs, and its causative agent Mycobacterium tuberculosis (Mtb) spreads via airborne droplets from active pulmonary TB patients to other susceptible individuals. 2 The infected host first initiates an innate immune response to limit Mtb infection, which is followed by an adaptive immune response and formation of caseating granulomas. 3, 4 However, Mtb exhibits immune evasion strategies to survive and replicate within macrophages and disseminate from the primary focus throughout the body via blood and the lymphatic system. 5 Mtb can also infect other cell types, including epithelial cells, endothelial cells, fibroblasts, adipocytes, and neuronal cells. 5, 6 Persistence of Mtb in such cell types distant from the lungs may constitute reservoirs that can reactivate TB disease, resulting in extrapulmonary TB. 5 Notably, several histopathologic studies have described uveitis cases that, due to a lack of systemic symptoms, were not suspected to be active TB cases but obviously did contain Mtb in the retinal pigment epithelium (RPE). 7, 8 Although very few Mtb bacilli were detected in RPE cells, necrosis or severe granulomatous inflammation around the RPE cells was observed, suggesting a role for Mtb-infected RPE cells in driving these responses. Therefore, knowledge of the host-pathogen interaction between Mtb and RPE cells and the immune responses induced by Mtb-infected RPE cells will provide critical pathophysiological insights into how Mtb can cause uveitis. Importantly, RPE cells have been described to phagocytose Mtb, resulting in increased expression of Toll-like receptor (TLR)2 and TLR4, which are major pattern recognition receptors (PRRs) for sensing Mtb. 9, 10 Moreover, chemical inhibition of TLR2 and TLR4 on RPE cells reduced the number of intracellular Mtb bacilli, suggesting an essential role for these receptors in phagocytosis of Mtb by RPE cells. 9 Yet, limited data are available on the response of RPE cells to Mtb infection and how this response compares to the response elicited in human macrophages, the predominant target cell of Mtb in the lungs.
In this study, we infected primary human RPE cells (OZR1), the human RPE cell line ARPE-19, and primary human monocyte-derived proinflammatory (M1) and anti-inflammatory (M2) macrophages with Mtb to investigate the host-pathogen interaction between these cells and Mtb, as well as the host response induced in these cells to infection with Mtb. Transcriptomics and cytokine secretion data were analyzed to discover crucial signaling pathways/networks and biological effector functions regulated in Mtb-infected RPE cells and macrophage subtypes. Our findings suggest that while M2 cells have a plethora of responses, including IFN signaling, to control Mtb infection, RPE cells primarily depend on IFN signaling to control the early phases of Mtb infection successfully.
MATERIALS AND METHODS

Cell Culture
Primary human RPE cells (OZR1) 11 and the human RPE cell line ARPE-19 (CRL-2302; American Type Culture Collection, Manassas, VA, USA) were maintained in Iscove's Modified Dulbecco's Medium (IMDM) supplemented with 10% fetal bovine serum (FBS; Greiner Bio-One, Alphen aan den Rijn, The Netherlands). For experiments, OZR1 cells were used between the 6th and 10th passages and ARPE-19 cells between the 25th and 39th passages.
Proinflammatory M1 and anti-inflammatory M2 macrophages were generated from monocytes isolated from whole blood of healthy donors by FICOLL gradient separation and CD14 MACS sorting (Miltenyi Biotec, Teterow, Germany) followed by differentiation for 6 days in the presence of either 5 ng/mL recombinant granulocyte-macrophage colony-stimulating factor (GM-CSF; Life Technologies, Bleiswijck, The Netherlands) or 50 ng/mL recombinant macrophage colony-stimulating factor (M-CSF; R&D Systems, Abingdon, UK), respectively, as previously reported. 12 Macrophages were maintained in Gibco Roswell Park Memorial Institute (RPMI) 1640 medium (Life Technologies) supplemented with 10% FBS (Greiner Bio-One), 100 U/mL penicillin, and 100 lg/mL streptomycin (Life Technologies).
Mycobacterial Culture
DsRed-expressing Mtb strain H37Rv was cultured in Difco Middlebrook 7H9 broth (Becton Dickinson, Breda, The Netherlands) supplemented with 10% albumin dextrose catalase (ADC; Becton Dickinson), 0.5% Tween-80 (Sigma-Aldrich Chemie B.V., Zwijndrecht, The Netherlands) and 50 lg/mL hygromycin B (Life Technologies). DsRed was expressed from expression plasmid pSMT3 and expression was under the control of the mycobacterial heat shock promoter Phsp60. 13 
Mycobacterial Infection
Mycobacterial cultures were diluted to pre-log phase density with appropriate antibiotics 1 day before infection (optical density at 600 nm [OD600] of 0.4). Immediately before infection, bacterial density was determined, and the bacterial suspension was diluted to 30 3 10 6 bacteria/mL in cell culture medium without antibiotics (multiplicity of infection [MOI] ¼ 10). The accuracy of bacterial density was verified by colonyforming unit (CFU) assay. RPE cells, seeded 24 hours prior to infection at 30 3 10 4 cells/24 wells, were inoculated with 100 lL of the bacterial suspension, centrifuged (3 minutes, 129g), and incubated (60 minutes: 378C, 5% CO 2 ). Plates were then washed with culture medium containing 30 lg/mL gentamicin sulfate (Lonza BioWhittaker, Basel, Switzerland) and incubated at 378C and 5% CO 2 in medium containing 5 lg/mL gentamicin until readout by flow cytometry, confocal microscopy, or CFU assay as described previously. 14 
Confocal Microscopy
Cells (27 3 10 4 cells) were grown overnight on 35-mm glass bottom microwell dishes (MatTek Corporation, Ashland, MA, USA) and infected as described above. Samples were stained with Phalloidin-Alexa Fluor 488 (Life Technologies) in PBS to visualize F-actin. Samples were subsequently fixed for 30 minutes at room temperature with 4% paraformaldehyde (PFA), embedded in VectaShield with DAPI (Brunschwig Chemie, Amsterdam, The Netherlands). Microscopy slides were examined on a Leica TCS SP5 confocal microscope (Leica Microsystems B.V., Eindhoven, The Netherlands).
Phagocytosis
To quantify the phagocytic capacity of cells, fluorescent polystyrene particles 2 lm in diameter with carboxylate coating (Fluoresbrite YG Carboxylate Microspheres; Polyscience, Eppelheim, Germany) were used as described previously. 15 For details see Supplementary Materials.
RNA Isolation and Dual-Color ReverseTranscriptase Multiplex Ligation-Dependent Probe Amplification (dcRT-MLPA)
RNA isolation and dcRT-MLPA were performed as described elsewhere. 16 For details see Supplementary Materials. Trace data were analyzed using GeneMapper software 5 package (Applied Biosystems, Warrington, UK). The areas of each assigned peak (in arbitrary units) were exported for further analysis in Microsoft Excel spreadsheet software (Microsoft Corp., Redmond, WA, USA). Data were normalized to GAPDH, and signals below the threshold value for noise cutoff in GeneMapper (Applied Biosystems, Warrington, UK) (Log2 transformed peak area 7.64) were assigned the threshold value for noise cutoff. Finally, the normalized data were Log2 transformed for statistical analysis. 
RNA Sequencing and Pathway and Network Analysis
Cytokine, Chemokine, and Growth Factor Assay Analysis
Culture supernatants were analyzed using the Bio-Plex Pro Human Cytokine, Chemokine, and Growth Factor Assay 
Statistical Analysis
Mtb bacterial load, cytokine/chemokine/growth factors, and dcRT-MLPA data were analyzed for statistical significance using a 2-tailed unpaired Student's t-test. A P value 0.05 was considered significant. For the RNA sequencing data set, P values were adjusted for multiple testing using the BenjaminiHochberg procedure, which controls the false discovery rate (FDR). The statistical computation was performed using GraphPad 7 (La Jolla, CA, USA) and SPSS 22 software (IBM Corp, Armonk, NY, USA).
RESULTS
Macrophages and RPE Cells Infected With Mtb Control Intracellular Bacterial Growth
To validate previous findings that Mtb can be phagocytosed by RPE cells, 9 ARPE-19 and OZR1 cells were infected with DsRedexpressing Mtb strain H37Rv. Confocal microscopy and Z-scan analyses clearly revealed intracellular localization of Mtb bacilli, confirming that Mtb can infect RPE cells (Fig. 1A) . The percentage of Mtb-infected cells was markedly higher in proinflammatory M1 and anti-inflammatory M2 macrophages than in the RPE cells ARPE-19 and OZR1 (Fig. 1B) . Mtb requires active phagocytosis by host cells, and the differences in infection rate between macrophage subsets and RPE cells indeed correlated with their phagocytic capacity (Fig. 1C) and expression of phagocytosis-associated cell surface markers (Fig.  1D ). To address whether RPE cells, like macrophages, control Mtb infection, intracellular bacterial loads were determined immediately after infection with Mtb (t ¼ 1 hour) and compared to intracellular bacterial load 24 hours after infection (Fig. 1E) . Comparable with M1 and M2 macrophages, a significant reduction in CFUs was observed in ARPE-19 and OZR1 cells over time, indicating that RPE cells are able to reduce the intracellular survival of Mtb and control the mycobacterial infection. However, OZR1 cells showed more Mtb load to begin with (t ¼ 1 hour) than ARPE-19 cells, which is in line with the higher proportion of phagocytic cells observed for OZR1 in comparison to ARPE-19 (Fig. 1C) .
Characterization of the Host Response at the Transcriptomic Level in RPE Cells and Macrophages Infected With Mtb
Next, we characterized the host response induced in RPE cells and macrophages upon Mtb infection to (1) identify crucial host signaling pathways and networks regulating intracellular bacterial survival and (2) address whether similar regulatory networks are operational in RPE cells and macrophages to control outgrowth of Mtb. Global transcriptional changes induced in primary human RPE cells OZR1 and human anti-inflammatory M2 macrophages following Mtb infection were determined in triplicate samples by RNA sequencing. M2 macrophages were selected for RNA sequencing since they share many characteristics with alveolar macrophages, the predominant target of Mtb in vivo in the human lung. Principal component analysis (PCA) analysis indicated profound differences between the overall gene expression patterns of Mtb-infected cells and their uninfected counterparts, with the largest changes found between infected and uninfected M2 macrophages ( Fig. 2A) . This could reflect a stronger regulation of commonly altered genes in M2 compared to OZR1 cells and/or regulation of a larger and more diverse gene repertoire in macrophages compared to RPE cells.
To first identify individual genes that were differentially expressed following Mtb infection, cutoff values for fold change >1.5 and P value 0.01 were applied to the data set. A total of 390 and 1638 genes were differentially expressed in Mtb-infected OZR1 and M2 cells compared to their uninfected controls, respectively, of which 130 genes were commonly regulated by OZR1 and M2 cells in response to Mtb infection ( Fig. 2B; Supplementary Table S1 ). Notably, not only does the host response to Mtb infection in M2 macrophages involve the regulation of an extended set of genes compared to OZR1 cells, but the magnitude of the response also appears superior in M2 cells compared to OZR1 as indicated by a larger overall fold induction of regulated genes (Fig. 2C) .
Identification of Signaling Pathways and Networks Regulated in RPE Cells and Macrophages Upon Infection With Mtb
Next, genes that were found to be differentially expressed in OZR1 and M2 cells following Mtb infection were fed into Ingenuity Pathway Analysis to identify critical signaling pathways and networks involved in the host response of RPE cells and macrophages to control intracellular survival of Mtb. Hierarchical clustering of the top 25 canonical pathways indicated that the host response of human macrophages upon Mtb infection involved a broader spectrum of signaling pathways than primary human RPE cells, as the host response in RPE cells was primarily dominated by IFN signaling (Fig. 3) . A detailed analysis of the signaling pathways commonly or exclusively regulated by M2 and OZR1 cells is shown in Supplementary Table S2 and Supplementary Figure S1 . A key canonical pathway regulated by both M2 and OZR1 cells in response to infection was IFN signaling (Fig. 3, Supplementary Fig. S1 ). Of the differentially expressed genes annotated within this canonical pathway, 10 genes were shared between M2 and OZR1, while RPE cells differentially regulated 8 additional IFN-inducible genes and M2 cells regulated 2 additional IFN-inducible genes (Fig. 4) . More importantly, the host response of both M2 macrophages and OZR1 cells involved type I as well as type II IFN signaling genes. Network analysis corroborated a central role for IFN signaling in the host response of both OZR1 and M2
phagocytosis was determined by flow cytometry. D Mean fluorescence intensity (MFI) (bottom) was calculated between antigen-specific staining (gray histograms) and isotype control staining (white histograms) (top). (E) Colony-forming unit assays were performed at t ¼ 1 hour (end of the infection period) and t ¼ 24 hours after infection with Mtb. A representative result of three experiments is shown. Bars display mean of triplicates 6 standard deviation. Statistical significance was tested using a Student's t-test. **P < 0.01, ***P < 0.001. (Fig. 5) . In addition, OZR1 cells selectively induced a cluster of TRAIL and PARP genes, belonging to a family of proteins mainly involved in DNA repair and programmed cell death, while M2 macrophages specifically regulated a cluster of ubiquitin-specific peptidases (USP) and a cluster of inflammasome-associated genes (Fig. 5, Supplementary Fig.  S2 ).
Validation of the Mtb-Induced IFN Response Signature Using a Focused Gene Expression Profiling Platform
To validate independently the identified IFN response signature in OZR1 cells and M2 macrophages following Mtb infection and to investigate whether the identification of the IFN response signature can be confirmed in ARPE-19 cells and M1 macrophages upon Mtb infection, dcRT-MLPA was performed. This approach confirmed the IFN response signature in OZR1 and M2 cells in independent infection experiments ( Supplementary Fig. S3 ). More importantly, the Mtb-induced IFN response signature was also confirmed in ARPE-19 cells, suggesting that the observed host response in OZR1 cells dominated by IFN signaling is a more general phenomenon in RPE cells. Interestingly, although macrophages displayed higher basal levels of IFN-inducible genes and a larger induction of expression of these transcripts following Mtb infection than RPE cells, the response kinetics to infection were significantly faster in RPE cells. Many IFNinducible genes already reached maximum expression levels in RPE cells 1 hour after Mtb infection, while in macrophages the expression levels of most IFN-inducible genes were still comparable to baseline levels 1 hour after infection and were found elevated only at 24 hours after infection (Supplementary Fig. S3) .
Characterization of the Host Response at the Protein Secretion Level in RPE Cells and Macrophages Infected With Mtb
Similar to the transcriptomic response, macrophages also secreted quantitatively and qualitatively more cytokines/ chemokines/growth factors than RPE cells after Mtb infection (Fig. 6 ). Both OZR1 and ARPE-19 cells displayed a significantly enhanced secretion of IL-6, IL-8, and MCP-1 upon Mtb infection while OZR1 also displayed enhanced secretion of IFNc, VEGFA, IL-12, IP10, TNFa, and RANTES. In both M1 and M2 macrophages MCP-1 secretion significantly decreased upon Mtb infection, while secretion of the other measured cytokines/chemokines/growth factors increased, except IL-5 and IL-13 (undetectable before and after infection). Interestingly, the protein secretion profiles of M1 and M2 were highly similar, and both macrophage subsets strongly induced secretion of MIP-1a, MIP-1b, and RANTES to absolute levels that profoundly surpassed the levels observed in RPE cells expressed transcripts identified in uninfected versus Mtb-infected M2 (left) and uninfected versus Mtb-infected OZR1 (right). Red indicates increased gene expression levels compared to the geometric mean; blue indicates decreased gene expression levels compared to the geometric mean. The color intensity correlates with the magnitude of the calculated fold change. Table S3 ). Together, these data suggest that while RPE cells focus their host response on eradicating Mtb through a response dominated by IFN signaling, macrophages upregulate in addition to IFN response-associated transcripts specifically the production of chemokines and cytokines involved in the granulomatous response by recruiting other macrophages and immune cells to the site of infection.
DISCUSSION
We demonstrated that Mtb could infect human RPE cells, although with a lower efficiency than human primary macrophages, and that RPE cells, like macrophages, control the intracellular survival of Mtb bacilli. Furthermore, we uncovered that the regulatory host response to Mtb in both proinflammatory M1 and anti-inflammatory M2 macrophages involved a more diverse spectrum of genes and secreted proteins compared with RPE cells. Moreover, the extent of the transcriptomic and secreted cytokine response was superior in macrophages compared to RPE cells. On the other hand, RPE cells expressed particular apoptosis and death receptor genes that might reflect their immunoregulatory role in deviating cellular immune responses, which is important for maintenance of immune privilege of the eye. Thus, our findings suggest that while macrophages appear to engage a plethora of responses, including IFN signaling to control Mtb infection and in communication between innate and adaptive immune cells to induce granuloma formation, RPE cells initiate a strong yet incomplete anti-Mtb response that primarily depends on IFN signaling to successfully control the early phases of Mtb infection in the retina.
The canonical IFN signaling pathway appeared to be the mutual pathway activated in both RPE cells and macrophages, along with IL-6 signaling and the pattern recognition receptors (PRR) pathway involved in bacterial and viral recognition ( Supplementary Fig. S1 ). However, IFN signaling was most strongly activated in Mtb-infected RPE cells, with type I IFN (IFNa/b) signaling being dominant over type II (IFNc) signaling (Figs. 3, 4) . This is in line with observations in Mtb-infected human pulmonary alveolar epithelial cells. [17] [18] [19] Activation of genes associated with IFN signaling in RPE is, however, not specific for Mtb infection, as this was also observed upon infection with West Nile virus or vesicular stomatitis virus (VSV, also a single-stranded RNA virus) or upon stimulation with a synthetic analogue (poly I:C) for viral double-stranded RNA. [20] [21] [22] Therefore, the observed activation of IFN-inducible genes in Mtb-infected RPE cells most likely reflects a general immune response to (intracellular) infection rather than being Mtb specific.
IFNs exert both protective and detrimental effects on the host during intracellular bacterial infection. IFNc is known to induce T-helper (Th)1 responses, and to activate and enhance the expression of antibactericidal molecules in phagocytes to kill intracellular bacteria. 21, 23 In RPE cells, both type I and type II IFN are known to inhibit cytomegalovirus (CMV) and Toxoplasma gondii replication, which involves indoleamine 2,3 dioxygenase (IDO)-induced tryptophan depletion. 24, 25 IDO-1 was also one of the IFN-induced genes we found in Mtb-infected RPE. Possibly IDO-induced tryptophan depletion inhibits Mtb replication in RPE, but this would require further study. 26 In contrast, excessive IFNa/b signaling has been linked to high Mtb disease activity in patients with clinical disease. 18, 19 Suppression of cytokines crucial for host defense against Mtb, including IL-1a, IL-1b, IL-12, and TNFa, and also repression of innate cell responsiveness to IFNc, have been proposed as important mechanisms of IFNa/b-mediated immunosuppression during Mtb infection. 4, 20, 21, [27] [28] [29] [30] [31] Moreover, RPE-derived IFNb can downregulate CXCL9 and intercellular adhesion molecule 1 (ICAM-1) expression by RPE in an autocrine manner. This potentially limits retinal T-lymphocyte/ natural killer (NK) cell recruitment and has been proposed as an immunosuppressive mechanism that protects the retina from excessive inflammation, for instance, in the case of RPE infection. 20 Our data suggest that in RPE cells, at least during the early stages of Mtb infection, IFN signaling may have a beneficial effect by inhibiting the outgrowth of intracellular Mtb. However, it could be speculated that the (prolonged) high induction of IFNa/b could potentially be detrimental at later stages of infection and thereby contributes to Mtb-mediated uveitis due to chronic infection or Mtb latency in the RPE cells. Clearly, unraveling the exact role or balance of IFN signaling and Th1 induction in RPE in Mtb-mediated uveitis requires further investigation.
Molecules related to protein ubiquitination and inflammasome pathways were among the genes more specifically identified in the M2 regulatory network (Fig. 5B) . These findings are in line with other in vitro studies demonstrating that Mtb-infected macrophages exhibit innate immune functions (including inflammasome activation and ubiquitin-mediated autophagy) to kill intracellular mycobacteria but also to induce adaptive immunity. 3, 32 A canonical pathway more prominently regulated in RPE upon Mtb infection compared to M2 macrophages was related to cell death and survival (Figs.  3, 5A) . One of the apoptosis-related genes that increased in Mtb-infected RPE (TNFSF10/TRAIL/APO2L; Supplementary Fig.  S2 ) encodes the proapoptotic membrane expressed molecule TNF-related apoptosis-inducing ligand (TRAIL). TRAIL is expressed by many ocular tissues, including RPE, and contributes to ocular immune privilege, most likely by inducing apoptosis of infiltrating inflammatory cells that FIGURE 5 . Network analysis of the host response in RPE cells and macrophages following Mtb infection. Ingenuity-based pathway analysis of genes that were differentially expressed between (A) uninfected and Mtb-infected OZR1 cells and (B) uninfected and Mtb-infected M2 macrophages (t ¼ 24 hours). Shown are the top networks identified in both cell types. Type I and II IFN-inducible genes are highlighted in red, apoptosis and death receptor signaling genes are highlighted in blue, protein ubiquitination-associated genes are indicated in green, and inflammasome-associated genes are shown in yellow.
express TRAIL-receptor 2 (TRAIL-R2/DR5/TNFRSF10B). 33 Type I IFNs are known to enhance TRAIL expression, for instance on dendritic cells, which enables these cells to induce Tlymphocyte apoptosis. 34 Induction of TRAIL on RPE may thus represent a way to deviate the cellular immune response in order to protect the retina from excessive inflammation and to limit the immunopathologic damage. On the other hand, human RPE cells express TRAIL-R2 (this study and Ref. 33 ) and necrotic Mtb-positive RPE cells have been observed in human eyes, 8 suggesting that TRAIL-TRAIL-R2 interactions between RPE cells may induce death of RPE cells and possibly contribute to inflammation. RPE cells are well-known producers of mediators that attract and activate different types of leukocytes and as such are considered important initiators/regulators of retinal inflammation. 35 ,36 Yet Mtb-infected RPE secreted substantially lower amounts of cytokines than Mtb-infected macrophages did. This might reflect the local ocular function of RPE where only shortdistance intercellular communication is required, as opposed to that of macrophages that need to instruct other (immune) cells over longer distances. Mtb infection was associated with increased IL-12 production by RPE cells, although it was upregulated to a lesser extent than seen in macrophages. It is tempting to hypothesize that IL-12 derived from Mtb-infected RPE cells is involved in local Th1-lymphocyte activation and uveitis-like disease. Also, production of RANTES and IP-10 by Mtb-infected RPE cells may further amplify local T-lymphocyte recruitment and activation. This is further supported by observations in a primed mycobacterial uveitis model in rats that was associated with increased production of IP-10. 37 Besides local Th1-lymphocyte activation, it is possible that RPE function in maintaining immune privilege is compromised after a certain degree of infection. Mtb-infected RPE cells produced IL-6 that antagonizes TGF-b, which has an important regulatory role in ocular immune privilege. 38 Further insight into the involved pathways may contribute to a better immunopathologic understanding of Mtb-associated uveitis, which may also be of benefit for finding new treatment modalities. In conclusion, we demonstrated that Mtb can infect RPE cells and that RPE cells can control the intracellular survival of Mtb bacilli similarly to macrophages. However, RPE cells phagocytosed Mtb less effectively than macrophages. RPE cells displayed a clear yet restricted anti-Mtb response that primarily used IFN signaling to control early phases of Mtb infection while macrophages engage a more diverse repertoire of responses including IFN signaling and production of cytokines/chemokines to facilitate communication between innate and adaptive immune cells to induce granuloma formation. RPE cells more strongly activated death receptor and retinoic acid-mediated apoptosis signaling pathways, which are postulated to represent an immunosuppressive mechanism to protect the retina from excessive inflammation and damage. FIGURE 6 . Characterization of the host response at the protein secretion level in RPE cells and macrophages infected with Mtb. The heat map is representing changes in cytokine/chemokine/growth factor secretion before and after Mtb infection based on the average of triplicate samples. Primary RPE cells OZR1, RPE cell line ARPE-19, proinflammatory M1, and anti-inflammatory M2 macrophages were infected with Mtb for 1 hour. Culture supernatants were harvested at 24 hours and analyzed. Red indicates increased protein expression levels compared to the geometric mean; blue indicates decreased protein expression levels compared to the geometric mean. The color intensity correlates with the magnitude of the calculated fold change. Statistical significance was tested using a Student's t-test. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
